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LITER  FLOW  AND  MIX  SELECTION  IN 
SE  MIC  LOSE  D- CIRCUIT  SCUBA 

by 

P.  S.  Riegel 


INTRODUCTION 


The  concept  of  saturation  diving  has  in  recent  years  allowed  accomplishment  of 
deep-sea  diving  work  long  considered  impossible.  Use  of  underwater  habitats,  pres¬ 
surized  personnel-transfer  capsules,  deck-decompression  chambers,  and  the  like  have 
made  it  possible  for  men  to  descend  to  great  depths,  spend  some  hours  working,  and 
return  to  a  relatively  comfortable,  dry  place  to  rest  and  live  until  the  next  underwater 
excursion  is  made. 

Besides  decompression  problems,  which  have  been  effectively  approached  by  the 
various  schemes  for  saturation  diving,  the  problem  of  gas  usage  arises.  A  closed- 
circuit  breathing  apparatus  is  the  obvious  choice.  However,  development  of  closed  - 
circuit  deep -diving  breathing  apparatus  is  still  in  its  infancy,  and  today,  the  most  widely 
used  breathing  apparatus  for  saturation  diving  is  the  semiclosed-circuit  scuba. 

The  U.  S.  Navy,  with  its  Mark  VI,  VIII,  and  IX  semiclosed  rigs,  has  done  consid¬ 
erable  development  and  hyperbaric  evaluation  of  equipment,  and  a  variety  of  semiciosed- 
circuit  breathing  apparatus  is  now  being  manufactured  commercially. 

Although  it  is  known  that  the  semiclosed-circuit  scuba  .s  an  economical  rig  for 
deep  work,  no  analysis  of  the  apparatus  and  its  theoretical  behavior  has  been  published 
to  date.  Flow  selection  is  done  by  prepared  tables,  manufacturers'  recommendations, 
and  approximate  rules  of  thumb,  and  has  been  imperfectly  understood  by  many  users. 


SUMMARY 


This  paper  presents  an  analysis  of  the  system,  relating  all  of  the  variables  to  one 
another.  Equations  are  presented  to  permit  calculation  of  liter  flow,  mix,  oxygen  usage, 
and  partial  pressure  of  oxygen. 

Finally,  and  most  important,  a  graphical  method  is  presented  which  allows  rapid 
selection  of  proper  gas  mixture  and  liter  flow.  Use  of  the  graphical  "Liter  Flow  and 
Mix  Selector  for  Semiclosed-Circuit  Scuba"  should  reduce  greatly  the  confusion  which 
presently  exists  in  this  field. 
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DESCRIPTION  OF  SEMICLOSED  SYSTEM 


Figure  1  shows  schematically  a  typical  semiclosed -circuit  breathing  system. 


FIGURE  1.  SCHEMATIC  OF  TYPICAL  SEMICLOSED-CIRCUIT  SCUBA 


System  Components 


The  circuit  typically  contains  the  following  elements: 

Mouthpiece .  This  can  be  either  a  jaw-held  mouthbit  or  an  oral-nasal  mask.  The 
mouthpiece  is  the  interface  between  the  diver  and  the  breathing  apparatus. 


Check  Valves .  These  are  commonly  mounted  at  the  mouthpiece,  and  they  are  ar¬ 
ranged  so  that  the  diver  will  inhale  from  one  hose  and  exhale  into  another.  By  providing 
for  unidirectional  flow,  it  is  assured  that  the  diver  inhales  only  pure  gas  and  that  no 
significant  amount  of  his  CO^ -laden  exhaled  gas  will  be  reinhaled. 


Hoses.  These  connect  the  mouthpiece  to  the  rest  of  the  breathing  apparatus  with 
one  delivering  exhaled  gas  to  the  system  and  the  other  bringing  pure  gas  to  the  diver. 
They  are  as  flexible  as  possible  to  allow  the  diver  to  move  his  head  freely. 


Breathing  Bags.  These  are  flexible  gas  reservoirs  that  expand  to  receive  exhaled 
gas  anti  contract  to  deliver  inhaled  gas.  A  rebreather  system  could  not  work  without 
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breathing  bags,  since  the  breathing  apparatus  would  not  be  able  to  store  and  redeliver 
the  tidal  volume  of  the  diver. 


Canister  .  This  is  a  container  for  a  chemical  absorbent  for  CO^.  The  diver's  ex¬ 
haled  gas  is  circulated  through  the  canister  before  it  is  remhaled.  This  removes  the 
CO2  and  makes  the  exhaled  gas  suitable  for  rebreathing. 


Gas  Supply.  As  the  diver  breathes  he  consumes  oxgyen.  A  gas  supply  to  the 
system  from  either  backpack  bottles  or  an  umbilical  hose  provides  a  steady  flow  of 
''mixed  gas"  (oxygen  plus  a  diluent  gas)  sufficient  to  replace  the  oxygen  consumed  under 
the  severest  work  conditions.  This  gas  flow  is  commonly  called  the  ’’liicr  flow".  The 
ratio  of  diluent  gas  to  oxygen  is  chosen  to  keep  PC>2,  the  oxygen  partial  pressure,  below 
a  toxic  limit. 

A  common  method  of  regulating  the  gas  flow  is  to  use  a  sonic -flow  orifice  to  meter 
gas  to  the  rig.  A  pressure  regulator  located  upstream  from  the  orifice  maintains  orifice 
pressure  at  a  constant  level  above  that  necessary  to  provide  critical  flow  at  the  maximum 
depth.  Thus,  the  mass  flow  rate  of  'he  supply  gas  is  invariant. 


Exhaust  Valve.  Since  a  mixed  gas  is  supplied  at  a  constant  rate  and  since  only 
oxygen  is  consumed,  all  dilu  at  gas  must  escape  from  the  system.  An  exhaust  valve 
allows  gas  to  vent  when  a  certain  system  pressure  is  reached.  Since  gas  is  generally 
supplied  at  a  rate  that  is  far  less  than  the  diver's  breathing  rate,  gas  escapes  only  at  the 
end  of  each  exhalation  and  only  in  an  amount  about  equal  to  what  was  supplied  during  that 
particular  breathing  cycle. 


Bypass  Valve.  As  the  diver  descends,  increasing  ambient  pressure  causes  grad¬ 
ual  collapse  of  the  breathing  bags.  A  bypass  valve  in  the  gas  supply  line  usually  is  pro¬ 
vided  to  allow  the  diver  to  keep  the  apparatus  properly  inflated  as  he  descends. 


ARRANGEMENT  OF  COMPONENTS 


The  system  shown  in  Figure  1  is  one  typical  arrangement.  It  is  not  necessary  to 
arrange  the  components  precisely  as  shown.  For  example,  it  is  not  necessary  to  pro¬ 
vide  two  breathing  bags ,  One  bag  will  do,  but  when  two  are  provided  as  shown,  flow  of 
gas  may  proceed  through  the  canister  at  a  lower  maximum  rate,  thus  tending  to  reduce 
pressure  drop  and  the  pulmonary  work  needed  to  overcome  it. 

The  exhaust  valve  generally  is  located  somewhere  between  the  exhalation  check 
valve  ar.d  the  canister.  The  vented  gas  then  will  contain  some  CO2,  and  this  choice  of 
exhaust-valve  location  thus  will  reduce  the  amount  of  CC>2  that  the  canister  must  absorb. 
Also,  since  peak  exhalation  pressure  normally  occurs  at  tne  time  that  the  valve  is  ex¬ 
hausting,  breathing  effort  can  be  reduced  by  putting  the  exhaust  valve  as  close  as  pos¬ 
sible  to  the  mouthpiece  to  reduce  flow  losses  between  mouthpiece  and  valve. 
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The  gee  supply  may  be  brought  into  the  system  at  any  point,  but  it  in  obvious  that, 
if  gas  is  brought  in  between  the  mouthpiece  and  the  exhaust  valve,  vented  gas  will  be 
richer  in  O2  than  would  be  the  case  if  only  exhaled  gas  were  vented.  This  would  cause 
unnecessary  waste  of  gas,  so  the  gas  usually  is  supplied  to  the  system  at  a  point  down¬ 
stream  from  the  exhaust  valve  and  upstream  from  the  man. 


DERIVATION  AND  CALCULATIONS 


Flow  Balances 


Inhalation  Bag 

We  will  begin  the  analysis  with  a  flow  balance  of  the  inhalation  breathing  bag.  All 
flows  will  be  given  in  volumetric  units  converted  to  standard  temperature  and  pres¬ 
sure  -  in  the  English  system,  SCFM,  in  the  metric  system,  SLM.  Let  us  define  the 
nupply  to  the  inhalation  bag  and  usage  of  gas  from  it  by  the  diver  as  follows: 

Supply  gas: 

O2  flow  =  1. 1 

Total  flow  =  L  =  liter  flow 

Inhaled  by  man: 

O-i  flow  =  V 1 

•u  a 

Total  flow  = 

Note: 

V2  >L  . 

If  not,  we  have  an 

open-circuit  free¬ 
flow  rig. 

The  remaining  flows  are  calculated  by  difference,  as  shown  in  Figure  2, 

INHALED  BY  MAN(\MRtABLE) 


RECIRCULATED  FLOW  ( VARIABLE}  FROM  CANISTER 
v,-L, 

Totol go**  Vg— L 


FIGURE  2.  INHALATION  BREATHING -BAG  FLOW  BALANCE 
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Man 


\ 


k 


The  man  receives  gas  from  the  inhalation  bag,  absorbs  some  O2  from  it,  and  adds 
some  CO2  to  it.  Let  us  define  these  rates  as  follows: 

C>2  absorbed  =  U 
CO2  produced  =  C 

The  flows  at  the  diver  are  as  shown  in  Figure  3. 


0|M«S*U 
COg  produc'd  *  C 


TO  EXHALATION  RAO 

MB  YINTJflyatt _ 

Total  flat*  Vg-U+C 
COg  *  C 


FROM  INHALATION  RAO 

°E  *  V| 

Total  got  >  Vj 


FIGURE  3.  MAN  FLOW  BALANCE 


Exhalation  Bag 

At  this  point,  we  have  one  known  flow  rate  -  that  from  the  man  -  entering  the  bag. 
Part  of  this  flow  passes  on  to  the  CO2  absorbing  canister,  and  part  is  exhausted  from  the 
system  through  the  vent  valve. 

Flows  to  the  bag  are  as  follows: 


Oz  =  Vi  -u 
co2  *  c 

Total  a  'Tz  -  L+C 


It  is  also  obvious  that 


Fraction  of  G-, 
leaving  bag 


~  v2-u+c 


Fraction  of  C02 
leaving  bag 


C 

v2-u+c 


Since  both  exiting  flows  are  presently  unknown,  let  us  call  the  exhaust  flow  "F" 
for  the  time  being.  It  then  is  seen  that,  for  the  exhaust  flow, 

t 
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A 


A 


l 


1 
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The  remaining  flows  are  found  by  difference,  aa  shown  in  Figure  4. 


CXHAUST  gas 
Total  gat  -  r 

*■'&) 

co«,f(v,'-utf) 


Vtnt  Valva. 


FROM  MAN 

02  *  V,  -  U 
CO2  •  C 

Total  got «  Vj-uf  C 


TO  CANISTER 
Total  got*  V2-U+C-F 
I  V|-U  \ 

°*’  V'*U  -F(vFuTt) 
C°2*C-F(^Tc) 


FIGURE  4.  EXHALATION  BREATHING -BAG  FLOW  BALANCE 


Canister 


I 

I 

I 

I 

I 

I 

I 

I 

I 

[ 

I 

i 

| 

l 


Since  all  CO^  entering  the  canister  is  absorbed,  a  flow  balance  may  be  made  as 
shown  in  Figure  5. 


FROM  EXHAUSTION  BAG  TO  INHALATION  BAG 


FIGURE  5.  CANISTER  FLOW  BALANCE 
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Derivation  of  the  Fundamental  Equation 


From  the  02  balance  in  Figure  '5  it  is  seen  that 

'  V  -U  x 


Vx  -  U  -  F 


(^2-U+C  j  ‘  (  V1  "  L1  )  “  ° 


or 


Vu 

F  “'  vT^rKv2-u  +  c 


). 


From  the  total  balance, 


V2  -  U  +  C  -  F 


-[C-F(v^Tc)]-(V2-L)  = 


V2-U+Cy 

Substitution  of  (1)  in  (2)  yields,  after  appropriate  manipulation, 


O 


(1) 


(2) 


L  V, 


L  U  -  UVj  -  L1V2  +  L jU  +  UV2  =  O 


and  more  rearrangement  yields 


V!  VU  ,  U  i  L~  L1 
V2  "  L  -  U  V2  \  L  -  U 


(3) 


1 


where  —  is  the  volumetric  oxygen  fraction  of  the  gas  breathed  by  the  diver. 
v2 

Since  we  normally  desire  to  keep  F*02  within  certain  limits,  an  expression  relat¬ 
ing  it  tc  the  other  variables  is  of  benefit.  Now,  using  more  helpful  terminology, 


D  =  depth,  feet 
D  +  33 


A  = 


1 


33 


=  absolute  pressure,  atmospheres 


AV! 

V., 


fraction  02  in  inhalation  bag 
PO2  in  inhalation  bag 


L1 

P  =  volume  fraction  02  in  liter  flow  =  -j— 


or 


=  J. 


V 2  is  the  total  volume  of  gas  breathed  by  the  diver  per  minute.  Since  the  diver's 
lungs  inhale  denser  gas  with  increasing  depth,  V2  is  related  to  the  diver's  respiratory 
minute  volume  (RMV)  by  the  following  relationship: 

V2  =  A(RMV). 

If  the  new  terminology  is  substituted  in  (3),  the  following  expression  for  P02 
results : 
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po2 


"LP-Un 

+  U 

"L-LP- 

L-U 

(RMV) 

L-U 

which  ia  the  fundamental  equation  describing  Lne  system. 


(4) 


Pulmonary  Ventilation  and  Oxygen  Uptake 


The  value  of 


U 

(RMV) 


must  be  determined  before  use  can  be  made  of  the  fundamen¬ 


tal  equation.  The  ratio  of  oxygen  consumed  to  respiratory  minute  volume  has  been 
determined  experimentally  to  have  a  value  of  between  1/22  and  1/26,  with  1/24  (0.042) 
a  good  representative  value.  0>3) 


Now,  let 


r  _  .  w 

(RMV) 


Equation  (4)  then  may  be  arranged  as  follows: 


or, 


or, 


or, 


L  = 


P  = 


U  = 


U  (A 

“ 

PO 

2} 

[PA  +  R(  1 

-P) 

- 

P02] 

UA  +  PO 

2 

(L 

-U) 

-  RL 

L(A- 

■R) 

L  [PA  +  R(  1  - 

•P) 

-  p°2) 

A  -  POz 


(5) 

(5a) 

(5b) 

(5c) 


Use  of  the  Results 


The  derivation  has  allowed  us  to  express  all  of  the  variables  as  functions  of  each 
other.  Any  of  the  arrangements  of  the  fundamental  equation  may  be  of  help  to  the  user. 
For  diving  supervisors,  solutions  for  liter  flow  and  percent  oxygen  are  of  value.  Medi¬ 
cal  researchers  may  find  that  the  oxygen  usage  of  an  experimental  subject  may  be  deter¬ 
mined  easily  through  use  of  the  expressions  for  U. 

One  of  the  most  practical  uses  to  which  the  work  has  been  put  was  the  develop¬ 
ment  of  an  accurate  graphical  method  of  determining  the  optimum  gas  mix  and  flow  for 
dive  missions  at  varying  depths. 


Graphical  Method  of  Selecting  Liter  Flow  and  Oxygen  Content 


Figure  6  is  a  curve  sheet  .  iaUng  depth  and  oxygen  percentage  to  liter  flow  and 
oxygen  partial  pressure  It  provides  a  simple  and  accurate  means  of  selecting  liter 
flow  and  oxygen  percent  oi  breathing  gas. 
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To  use  Figure  6,  it  is  necessary  to  read  on  the  abscissa  at  the  maximum  depth 
and  move  vertically  until  the  line  of  maximum  POg  desired  is  encountered.  Proper  oxy¬ 
gen  percentage  in  the  gas  mix  for  the  dive  then  may  be  read  from  the  oxygen  scale  at  the 
left.  Then  move  to  the  left  until  the  minimum  depth  is  reached  at  the  same  oxygen  per¬ 
centage,  at  which  point  liter  flow  may  be  read  or  interpolated. 


Origin  of  Figure  6 


Piter  Flow  Lines 

The  properly  functioning  breathing  apparatus  will  supply  gas  to  the  diver  at  a  PC>2 
cf  no  less  than  0.21  ATA  (which  is  the  PO2  of  air  at  atmospheric  pressure)  even  when 
the  diver's  oxygen  consumption  is  at  a  maximum. 

The  maximum  probable  value  of  oxygen  consumption  v/as  taken  as  3.0  SL>M  for 
development  of  Figure  6.  This  value  is  supported  by  experimental  data  and  by  the  gen¬ 
eral  experience  of  users.  Although  there  are  surely  some  unusual  individuals  who,  by 
heroic  effort,  can  consume  in  excess  of  this  value  in  underwater  work,  it  is  felt  that 
3.0  SLM  O2  consumption  represents  a  safe,  even  conservative,  value  for  oxygen  con¬ 
sumption  during  underwater  work. 

Liter  flow  lines  were  plotted  by  letting  U  -  3  and  PO2  -•  0.21;  P  vs  D  then  was 
plotted  for  various  values  of  liter  flow,  resulting  in  the  family  of  red  liter  flow  curves 
shown  in  Figure  6. 


Partial  Pressure  Lines 


The  maximum  partial  pressure  in  the  breathing  bag  occurs  v/hen  the  diver  is  at 
rest.  Minimum  partial  pressure  occurs  during  hard  work.  A  single  mixture  flowing  at 
a  single  liter  flow  must  keep  PO2  within  acceptable  limits  at  any  depth. 

Using  Equation  (5a), 

U  (A  -  p°2 ) 

L  =  j^PA  + R(l-P)  -P02J  ,  (i,a) 

U  will  be  maximum  and  PO2  minimum  for  a  condition  of  hard  work. 

Now,  let 

Ql  =  inhalation  PO2  at  hard  work,  usually  0,21  ATA  (atmospheres  absolute) 

Uj  =  02  usage  at  hard  work,  usually  3.0  SLM 
R  =  U/(RMV)  =  1/24. 

Substitution  produces,  for  a  condition  of  hard  work, 

Uj  (A  -  Qj) 

L  =  (PA  +  R(1  *P)  -  Qa)  •  (5_1) 
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For  rest,  let 

Q2  =  inhalation  PO2  at  rest,  ATA 

U2  =  O.,  uaage  *t  rest,  usually  0.  5  SLM,  minimum  depth,  ATA. 

Substitution  in  Equation  (5a)  produces,  for  a  .ondition  of  rest, 

U2  (A  '  Q2) 

L  =  (PA  +  R(l-P)  -  Q2) 


(5-2) 


Both  Equations  1 5 -  1 )  and  (5-2)  relate  L,  P,  and  D  to  each  other.  Since  Figure  6 
plots  P  vs  D,  elimination  of  L  will  be  performed  by  setting  Equation  (5-1)  equal  to 
(5-2)  as  follows: 

U,  (A  -  Q  )  U,  (A  -  Q  ) 

PA  +  R(1  -P)  -  Qj  =  =  PA  +  R(l-P)  -  Q2 

Elimination  of  L  produces 


P  = 


Uj  (Q2  -  R)(A  -  Qj)  -  U2  (Q  -R)(A  -  Q2) 
(A  -  R)[Uj  (A  -  -  U2  (A  -  Q2J] 


(6) 


Plotting  of  Equation  (6)  produces  the  green  P02  lines  shown,  which  are  based  on 
the  following  values: 


Uj  =  3.0 
U2  =  0.5 
Qx  =  0.21 
Q2  =  as  indicated 
R  =  1/24. 


Optimum  Mixture 

The  value  of  P  calculated  using  Equation  (6)  represents  an  optimum  value  from  a 
theoretical  point  of  view,  since  any  greater  value  of  02  percent  chosen  for  use  will  pro¬ 
duce  too  high  a  maximum  P02- 

A  lesser  02  percent  may  be  used,  but  only  if  liter  flow  is  increased  as  indicated 
in  Figure  6.  For  any  mission,  use  of  the  value  of  P  calculated  by  Equation  (6)  will  re¬ 
sult  in  minimum  gas  usage. 

It  is  recognized  that  certain  standard  mixtures  may  be  available  when  a  dive  is 
planned.  A  mixture  should  be  chosen  that  has  the  highest  02  content  that  is  still  less 
than  the  calculated  value  (P).  This  will  yield  a  POg  that  is  acceptable  and  minimize 
consumption  of  diluent  gas. 
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Limitations 


As  is  the  c'se  with  many  mathematical  expressions,  the  liter  flow  formulas  may 
be  used  to  produce  erroneous  results.  To  avoid  error,  the  following  limitations  must 
be  observed: 


L>? 


This  simply  states  that  the  total  liter  flow  must  be  less  than  the  maximum  expected  RMV 
of  the  diver  and  that  it  must  provide  more  oxygen  than  is  consumed  by  the  diver. 

(2)  AP  >  POz  >  R 

When  the  above  limits  of  L  are  substituted  in  Equation  (5),  these  restrictions  on  PC>2 
result.  That  P02  must  be  less  than  total  oxygen  partial  pressure  is  obvious.  That  it 
exceeds  R  is  not  obvious,  but  it  is  true,  nonetheless. 

PO?  -R 

<3)  1>P>-^R” 


P  must  of  necessity  be  less  than  1.  The  second  part  of  this  restriction  is  necessary  to 
keep  inconsistent  values  of  P  from  being  assumed  before  calculation  begins. 

A  computer  program  has  been  prepared  that  permits  selection  of  liter  flows  and 
mixes  within  the  necessary  limitations.  It  is  included  in  Appendix  A  of  this  report. 

Figure  6  incorporates  these  limitations;  any  C>2  percentage  or  flow  obtained  by  its 
use  need  not  be  checked  for  violation  of  the  limitations.  However,  it  must  be  understood 
that  Figure  6  will  allow  selection  of  proper  liter  flow  and  mix  for  only  the  following 
conditions: 

(1)  When  the  diver  is  hard  at  work,  his  02  consumption  will  be 
considered  to  be  3  SLM  and  his  inhalation  P02  will  be  0.21  ATA. 

(2)  When  the  diver  is  resting,  his  02  consumption  will  be  0.5  SLM 
and  his  inhalation  P02  be  a8  indicated  by  the  green  lines. 


Selection  of  Mix  and  Liter  Flow 


Calculation  Method 

(1)  Establish  valuer  for  the  following: 

(a)  Maximum  02  usage,  SLM  =  Uj 

(b)  Minimum  O2  usage,  SLM  =  U2 

(c)  Maximum  PC>2  level,  ATA  =  Q2 

(d)  Minimum  PC>2  level,  ATA  =  Qj 

(e)  Maximum  depth,  feet  =  Dj 

(f)  Minimum  depth,  feet  =  D2 
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Dj+33 

(2)  Let  Aj  =  — -  y  =  maximum  depth  in  atmospheres  absolute 

D2+33 

=  - jy  =  minimum  depth  in  atmospheres  absolute 

(3)  Calculate  maximum  fraction  as  follows: 

Uj  (Q2  -  0.042)  (Aj  -  Qt)  -  U2  (Q1  -  0.  042)(AJ  - 
Pmax  =  (A[  -  0.042)  [  UJ  ^  -  U2  (A1  -  Q^] 


(4)  Calculate  minimum  allowable  fraction  as  follows: 


P  .  =  Q./A 

min  1  2 


(5)  Select  a  mix  from  what  is  available,  so  long  as  the  selected 
mix  lies  in  the  range  defined  in  Steps  (3)  and  (4).  Use  the 
highest  available  mix  in  the  range. 

Let  mixture  00  fraction  =  P 

£  mix 


(6)  Calculate  liter  flow  as  follows: 


L  = 


U1  <A2  -Ql> 


[P  .  A  +  0.042  (1 
mix  2 


P  ■  )  -  QJ 

mix  1 


Chart  Method 

Figure  6  was  drawn  based  on  the  following: 

Maximum  O2  usage,  Uj  =  3.0  SLM 
Minimum  O  usage,  U2  =  0.5  SLM 
Minimum  PO2  level,  Qj  =0.21 

To  use  Figure  6,  proceed  as  follows: 

(1)  Establish  values  for 


(a) 

Maximum  PO^  level, 

ATA  =  Q2 

(b) 

Maximum  depth, 

feet 

=  D1 

(c) 

Minimum  depth, 

feet 

=  D2 

(2)  Locate  maximum  percent  at  intersection  of  maximum 
depth  line  and  maximum  PC>2  line 

(3)  Locate  minimum  percent  O2  at  intersection  of  minimum 
depth  line  and  0,21  PC>2  line 
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(4)  Select  a  mix  from  what  is  available,  so  long  as  it  lies  in 
the  range  between  Pmin  an^  ^max1  The  moat  economy 
will  result  if  Pm£x  is  near  but  just  less  than  Pmax  . 

(5)  Locate  correct  liter  flow  at  intersection  of  Pmix  line 
and  minimum  depth  line. 


Example  Problems 


In  all  of  the  problems,  the  following  is  assumed: 

PO2  minimum,  =  0,21  ATA 
Maximum  C>2  usage,  =  3.0  SLM 
Minimum  O2  usage,  U2  =  0.5  SLM. 

Available  mixtures  have  the  following  oxygen  percentages :  4,  6,  8,  10,  12,  15,  20,  25, 
30,  40,  50,  and  60. 


Example  1  -  Dive  from  Surface 

A  diver  must  descend  from  the  surface  to  a  depth  of  125  feet,  perform  a  task,  and 
reascend.  The  mission  is  of  such  duration  tha’;  a  PO2  of  1 . 6  ATA  must  not  be  exceeded. 
What  mix  should  be  used  and  what  should  be  the  liter  flow? 


Solution  by  calculation: 


!1)  Given: 

u2 


(«?.)  At 


(3)  P 


Q] 

D] 

D, 


-  3.0 
=  0.5 
=  0.21 
=  1.60 
=  125 
=  0 


A  9  - 


125  +  33 
33 

0  +  33 


=  4.  79 


33 


=  1 


max 


3  (1,60  -  0. 042)(4,  79  -  0.21)  -  0.5  (0,21  -  0.042)(4.79  -  1.60) 
(4.79  -  0.  042 ) [  3, 0  (4.79  -  0.21)  -  0.5  (4.79  -  1.60)] 


(4)  P 


min 


0.  367 

0.21 

1 


36,7  percent 
0.21  =  2 1  pe  rcent 
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(5)  Either  25  percent  or  30  percent  can  be  used.  Use 
30  percent  since  it  is  more  economical. 

I6)  t _ 3.0  (1  -  0,21) _ 

~  (0.30(1)  +  0.042  (1  -  0.30)  -  0.21] 

=  19. 9  SLM 

Thus,  a  30  percent  mix  should  be  used  at  a  flow  of  20  SLM. 


Solution  by  graph  (Figure  6): 


(1)  Maximum  PC>2  level  =  1.6  ATA 
Maximum  depth  =  125  feet 
Minimum  depth  =  0  feet 


(2) 

Maximum  percent  O2 
D  =  125  and  POz  = 

=  37  percent  (at  intersection  of 
1.6) 

(3) 

Minimum  percent  CL 
0  =  O  and  POz  =  0. 

=  21  percent  (at  intersection  ox 
.21) 

(4) 

Use  30  percent  mix. 

(5) 

Liter  flow  =  20  SLM  (at  intersection  of  30  percent  O2 
and  D  =  O) 

Note:  If  we  had  chosen  to  use  a  25  percent  C>2  mix,  liter 
flow  would  be  33  SLM. 


Example  2  -  Dive  from  PTC 

Divers  will  descend  in  a  PTC  to  a  depth  of  450  feet.  They  will  not  swim  above  the 
450-foot  level,  but  may  descend  to  the  820-foot  level.  PO2  is  limited  to  1.3  ATA.  What 
should  be  the  mix  and  flow? 


Solution  by 

calculation: 

(1)  Given: 

Ul 

=  3.0 

U2 

=  0.  5 

Q1 

II 

O 

IV 

Q2 

=  1.3 

D1 

=  820 

°2 

=  450 
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(2)  Al  = 


(3)  P 


820  +  33 
33 

450  +  33 
33 


=  14.6  ATA 


max 


3  (0.  5  -  0.  042)(25.  8  -0.21)  -  0.5  (0.21  -  0.  042)(25.  8  -  1.3) 
(25.8  -  0.042)[  3  (25.8  -  0.21)  -  0.5  (25.8  -  1.3)) 


(4) 


P  . 
min 


0.0568 

0.21 

14.  6 


=  5.68  percent 
0.0144  =  1,44  percent 


(5)  P  =4  percent 
mix 

This  is  the  only  available  mix  that  lies 
within  the  acceptable  range. 


(6)  L 


_ 3  (14.  6  -  0.21) _ 

(0.04  (14.6)  +  0.042  (1  -  0.04)  -  0.21] 

104.2  SLM 


Solution  by  graph  (Figure  6): 

(1)  Maximum  PC>2  ^eve^  =  1  •  3  ATA 
Maximum  depth  =  820  feet 
Minimum  depth  =  450  feet 

Maximum  percent  O ^  =  5.6  percent  (at  intersection  of 
D  i  820  and  P02  =  1.3) 

Minimum  percent  U2  =  1.42  (at  intersection  of  D  =  450 

and  P02  =  0.21) 

Use  4  percent 

This  is  the  only  available  mix  in  the  range. 

(5)  Liter  flow  =  106  SLM  (at  intersection  of  D  =  4t>0  and 

percem  02  =  4  percent) 

Example  3  -  Chamber  Dive 

A  simulated  saturation  dive  is  being  conducted  in  a  pressure  chamber.  Depth  is 
600  feet.  Maximum  allowable  P02  is  1 , 2  ATA.  A  gas  mixer  is  available  to  produce  any 
desired  mix.  What  mix  and  flow  should  be  used? 


(2) 

(3) 

(4) 
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Solution  by  Calculations 

(1)  Given:  Uj  =  3.0 

U2  =  0.5 
=  0.21 
Q2  =  1.2 

Dj  =  Dz  =  600 

(2)  Ai  =  Az  =  — -y-  =  19.2  ATA 

3  (1.2  -  0.042)(19.2  -  0.21)  -  0,5  (0.21  -  0.042)(19.2  -  1.2) 


(3)  P 


(4)  P 


nax  (19.2  -  0.042)[3  (19.2  -  0.21)  -  0.5  (19.2  -  1.2)] 

=  0.0702  =  7.02  percent 

0.21 


min 


19.2 


=  0.0109  =  1.09  percent 


(5)  Since  we  have  a  gas  mixer,  we  will  use  P  -  P  =7.0  percent. 

’  mix  max 


(6)  L 


3  (19.2  -  .21) 


(.07(19.2)  +  .042  (1  -  .07)  -  .21] 
L  =  48.  6  SLM 


Solution  by  graph: 

(1)  Maximum  PO^  level  =  1.2  ATA 
Maximum  depth  =  600  feet 
Minimum  depth  =  60 C  feet 

(2)  Maximum  percent  02  =  7. 0  percent  (at  intersection  of 
D  --  600  and  P02  =  1.2) 

(3)  Minimum  percent  02  =  1.15  percent  (at  intersection 
D  =  600  and  PO,  =  0,21) 

(4)  Use  7.  0  percent,  since  we  have  a  gas  mixer. 

(5)  Liter  flow  =  49  SLM  (at  intersection  of  D  =  627  and 
percent  02  =  6.  7  percent) 
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Miscellaneous  Calculations 


Example  4  -  O?  '  sage  in  Chamber  Dive 

In  the  saturation  dive  of  Example  3,  a  4  percent  02  ■  96  percent  He  mix  is  being 
used  at  a  flow  of  96  SLM.  A  subject  wearing  a  semiclcsed -circuit  rig  is  exercising  in 
the  wet  pot,  A  flexible,  hose  removes  samples  of  gas  from  his  inhalation  bag  for  ana¬ 
lysis.  At  one  time,  it  is  observed  that  his  inhalation  G£  pe rcentage  is  2.0,  What  is 
his  rate  of  02  consumption? 


Solution:  From  Equation  (5c), 


L  PA  -  P02  +  R  (1-P) 
~ A  -  PO"  ‘ 


From  Example  3,  A  =  19.2  ATA 
Inhalation  P02  =  0.02(19.2)  =  0.384  ATA 

Substituting  in  Equation  (5c)  above, 

96  f  0.04  (19.2)  -  0.384  (1  -  0.04)  1 

U  =  - L - — - i 

19.2  -  0.384 

U  =2.16  SLM 


Example  5  -  POg  Determination  in  Chamber  Dive 

If  the  diver  in  Example  4  was  resting  and  consuming  at  a  rate  of  0,  5  SLM, 
wiat  would  be  the  PC>2  in  his  inhalation  bag? 


Solution:  From  Equation  (5), 


POz  =  A 


f  LP-u\  ,  f  L-LP \ 


From  Example  4,  A  =  19.2  ATA 


Substituting, 


POz  =  19.2 


96(0.  04)  -  0.  5~]  1  96  -  96(0.04) 

96  -  0.  5  24  96  -  0.5 


=  0.711  ATA 
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APPENDIX  A 


COMPUTER  PROGRAM  FOR  LITER  FLOW  AND  MIX  SELECTION 


The  program  incorporates  the  limitations  of  the  method  and  will  not  give  a  final 
answer  until  all  data  are  presented  properly. 

The  program  is  followed  by  printouts  of  sample  problems  showing  the  debugging 
process  as  it  confronts  the  user. 
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Liras  141*4  CT  TUC  01/13/70 

too  paint  "this  pnimh  cm.cu.atks  imk  proper  oas  nixtw.es  mid  flows" 

no  FAINT  "FOR  soil* CLOSED  CIRCIBT  SCUBA.  TO  IMK  IT*  JUST  ANSWKA" 

ISO  PAINT  "THE  QUESTIONS  AS  THEY  APPKAA." 

130  PAINT 
140  pain: 

ISO  PAINT  *014X1X131  OS  USAOK*  SLH  «"l 
100  INPUT  U3 

170  PAINT  "HIN1MW  OS  USAOK*  SLH  ■"» 

ISO  INPUT  U4 

1*0  IP  U4»U3  THEN  010 

too  00  TO  BSO 

010  PAINT 

SCO  PAINT  "ENTRY  NI  STAKE.  TAT  A  SAIN" 

A 30  PAINT 
040  OS  Tt  ISO 

•SO  PAINT  "HAXIHIM  DEPTH.  '1ST  **l 
•40  INPUT  Dl 

•70  PAINT  *011 NINUN  DEPTH.  PEET 
•SO  INPUT  •• 

C*0  IP  DO»DI  THEN  310 
300  00  TO  3S0 
310  PAINT 

300  PAINT  "  ENTRY  SANAA.  TAY  A  SAIN." 

330  PAINT 

340  OS  TO  OSO 

3 SO  LET  AI«<DI«33>/33 

340  LET  AM* (OOp 331/33 

370  PAINT  *OIAXINUK  POC  LEVEL*  ATA  -"I 

300  INPUT  04 

3*0  LET  A- 1/04 

400  IP  04*A  THEN  470 

410  IP  04*AI  THEN  SIO 

4*0  PAINT  *0*ININI3I  P0«  LEVEL.  ATA  «"» 

430  INPUT  03 

440  IP  03«H  THEN  470 

450  IP  03»AI  THEN  SIO 

440  00  TS  550 

470  PAINT 

400  PAINT  ~PN«  LEVS.  NAT  NOT  OK  LESS  THAN  I/S4.  TAY  AOAIN" 

4*0  PAINT 
500  00  TS  370 
SIO  PAINT 

500  PAINT  **POS  CANNOT  EXCEED"*  A  I*  "TNT  AOAIN" 

330  PAINT 

340  00  TO  370 

SSO  IP  03*04  THEN  S70 

540  OS  TO  410 

STO  PAINT 

SCO  PAINT  "  IN  TRY  HI  STAKE.  TAT  AOAIN" 

9*0  PAIN. 

400  00  TO  370 
410  PAINT 

400  LET  X-U3*(04-A)*(AI*03»-U4»<03-R>*(AI>04> 

430  LET  V*<  Al-R>*<  U3*<  Al- S3>-U4*<  AI-041  > 

440  LET  P**X/Y 
4 SO  LET  Z-03/A0 
440  IP  E>P3  THEN  7|0 
470  mi  NT 

400  PAINT  "H  AX  I  HUM  NLLOWASLE  PERCENT  oa  -»,  I004P3 
4*0  PAI NT*HI  NINUN  ALLOWABLE  PERCENT  OA  100*1 
700  00  TS  740 

710  PRINT  "DEPTH  RANK  TOO  EXTRIME  FOR  SPECIFIED  P0»  AANSE." 

7«0  PAINT  "EXPAND  INK  POS  AANOE  OA  NARROW  THE  DEPTH  RDNOE." 

730  00  TO  SSO 
740  PAINT 

790  PAINT  "WAT  PERCENT  OS  DO  YOU  WISH  TS  USET"I 
740  OS  TO  000 
770  PAINT 

700  PAINT  "IP  YOU  HIM  TS  TRY  AN* THEN  PERCENT  OS.  TYPE  IT  WEN" 

7*0  PAINT  "THE  OUESTTON  APPEARS.  IP  NOT*  TYPE  *101  •" 

•  00  INPUT  PI 
•10  PAINT 

■  SO  LET  P-PI/100 

•  30  IP  PI*IOI  THEN  *40 

•  40  IP  P3«P  THEN  *00 

•  SO  IP  Z»P  THIN  9 »0 

•  40  LET  L-U3*(AO»03>/(AO*P*N*(I-P>-03> 

■  70  PAINT 

•SO  PAINT  "L-.  TR  FLOW  ■«*L."ajl" 

•90  OS  TO  770 

*00  PAINT  "YOUR  •■  CONTENT  IS  TOO  HI  EH.  CHOOSE  A  LOWER  VALUE." 

910  OS  TO  7  SO 

*S0  PAINT  "YOUR  00  CONTENT  IS  TOO  LON.  CHOOSE  A  HI  BIER  VALUE." 

*30  ON  TO  780 
940  END 
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LITERS  1410*  CY  TUt  0I/IV10 


nia  prooaam  cm.cu.atm  wujuujuuuuumxTujM 
MR  *B«-CL*R»  CIRCUIT  MUM.  1*  Utt  IT.  JUST  ****** 
1MB  0UERTI9NE  A*  WIT  APT  BAR. 


MAXIMUM  Rl  UMM*  MM  "1  9*0 
MNIHUM  Rt  URAOE.  UN  «t  0.S 
MAXIMUM  DCR1M.  FEET  ■»  *00 
MINIMUM  IHtPIM*  FEET  ■»  *00 
MAXIM W  PRO  LEVS..  ATA  at  1.4 
MIMIMIM  PR*  LXVB.*  ATA  «t  .Rl 


MAX1MIM  ALLOWABLE  PBROBNT  OB  ■ 
MIMIMIM  ALLOMARLB  PBRCIMT  *0  a 


5.41  If* 
1.0*41* 


WHAT  PERCBCT  0*  00  YOU  XR  TO  UR111  5.0 


L1TBR  FLO*  ■  10.144  BM 

IF  TOU  MM  TR  TRY  ANR1MBR  PBRCIMT  OR.  TYPt  IT  WIN 
INI  OUBSTION  APPEARS.  IF  NOT*  TYPE  MOM 
1  4.0 


LITER  PLOW  a  9B.R90R  9LM 

IF  YOU  W*H  10  TRY  ANOTHER  PBRCIMT  OR.  TYPE  IT  WIN 
THE  0UCBT10N  APPEAR*.  IF  NOT.  TYPE  MOM 
1  5.41199 


LITER  PLOW  a  40.0*9*  UM 

IF  YOU  WIM  TO  TRY  ANOTHER  PBRCIMT  OR.  TYPE  IT  WIN 
THE  QUESTION  APPEAR*.  IF  MOT.  TYPE  MOM 
1  101 


USD)  R4.41  UNITS 
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LITERS  141 14  CY  TUE  01/13/70 

THIS  ******  CALCULATED  INC  PMPU  Ml  MIXTURES  AND  FLO  VS 
FOR  SOU  "CL  tSES  CIRCUIT  SCUM*  Tt  USE  IT*  JUST  MOVER 
THE  SUCSTIMS  AS  THEY  APPEAR. 


NAX1MW  ft  USAtE*  SLM  •?  0.5 
MINIMUM  St  USASC*  SLM  ■  »  3.0 

ENTRY  MISTAKE.  TRY  A  SAIN 

MAXIMUM  St  USAtE*  SLM  -t  3.0 
MINIMUM  tt  USAtE.  SLM  -T  0.5 
MAXIMUM  DEPTH.  FEET  •»  too 

minimum  depth,  feet  •»  *00 

ENTRY  ERROR.  TRY  A  CAIN. 

MAXIMUM  DEPTH,  FEET  «T  TOO 

MINIMUM  DEPTH,  FEET  "T  *00 

MAXIMIM  PSt  LEVEL*  ATA  U  .SI 
Ml  MINIM  Pit  LEVEL,  ATA  at  1.4 

ENTRY  MISTAKE.  TRY  A  SAIN 

MAXIMUM  PSt  LEVEL.  ATA  >t  1.4 
MINIMUM  PSt  LEVEL,  ATA  >t  ,  OS  I 

PSt  LEVEL  MAY  NOT  SE  LESS  MAN  1/34.  TRY  A  SAIN 

MAXIMUM  PSt  LEVEL.  ATA  "t  140 

PSt  CANNOT  EXCEED  St.tYST  TRY  ASAIN 

maximum  psp  level,  ata  «t  t.4 

MINIMUM  PSt  LEVEL,  ATA  -t  |.0 

DEPTH  RAN4E  TSS  EXTREME  FOR  SPECIFIED  PSt  RANSC. 

EXPAND  THE  PSt  RAMSE  SN  HARRS V  ME  DEPTH  RAMIE. 

MAXIMUM  DEPTH.  FEET  -f  *00 
MINIMUM  DEPTH,  FEET  ■»  400 
MAXIMUM  PSt  LEVEL,  ATA  -t  1,4 
MINIMUM  PSt  LEVEL,  ATA  «t  .SI 


MAXIMUM  RLLSVAM.C  PERCENT  SR  *  5.111** 

MINIMUM  MX •  VAIL E  PERCENT  SO  •  1.0*479 

MHAT  PERCENT  ft  00  YOU  HI  91  T*  USETT  *.» 

YOUR  OS  CONTENT  IS  TSS  HI  SI.  CHOOSE  A  LIVER  VALUE. 

VHAT  PERCENT  St  OS  YIU  MW  Tt  USETT  t.O 

YSUS  St  CtNTEMT  IS  TSS  LCH.  OHSSSE  A  HIKER  VALUE. 

WAT  PERCENT  St  DS  YtU  MW  Tt  USETT  5.0 


LITER  FLOH  a  72. 1*4  ILM 

IF  YOU  MW  IS  TRY  ANSWER  PERCENT  tt,  TYPE  IT  MM  EM 
THE  tUESTISM  APPEARS.  IP  NST,  TYPE  »10I  • 

T  4.0 


LITER  FLSH  a  9  3.  MCI  SLM 

IF  YIU  MW  Tt  TRY  ANOTHER  PERCENT  ft,  TYPE  IT  WEN 
THE  OUCSnSM  APPEARS.  IF  NtT,  TYPE  *101 » 

T  101 


USED  4*. 47  UNITS 
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APPENDIX  B 


MISCELLANEOUS  COMPUTER  PROGRAMS  DEVELOPED 
~  DURING  THE  COURSE  OF  THE  WORK 


DEPTHS 


This  program  was  used  to  plot  points  for  the  liter  flow  guide. 


LITRES 


This  program  calculates  liter  flow  and  mix  for  various  depth  conditions.  It  does 
not  incorporate  all  of  the  limitations  of  the  method. 


FIGP02 


This  program  computes  PC^. 


PETE08 

This  program  computes  liter  flow  by  the  new  method  and  by  one  old  method  and 
illustrates  that  significant  gas  may  be  saved  through  use  of  the  new  method. 
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0 EFIMS  Ml  32  CY  TUE  01/13/70 

100  LtT  L*  300 

llOPRlNVVLITER  FLOW  •"#L*"3LN" 

100  POINT 
130  POINT 

140PRINT**"#  "UPPER  TOXIC  LIMITS  FOR  IPO. 5  SLN'* 

ISOLET  R»t.  3/60 

1 60P0IHT""#  ••DEPTH",  "PERCENT  00",  "Pi «" 

170  LET  DO*  CC  33*0/ 78) -33 
ISO  LET  P3cC3300*.SI>/CD003> 

190  00  TO  000 

POO  POINT  ""#D0#P3#".8i" 

810  POO  PI" •  4  TO  8.01  STEP  .8 

800  LET  J»D0 

830  LET  N*  1000 

840  FOO  D*J  TO  10000  STEP  N 

250  LET  A"CD»  331/33 

840LET  P* IOO*C 3*A+.81*CL- 3>-R*D /<L*C  A-R> > 

870  LtT  T*100*C.3*A*Fl*<L-«  3)-R*L>/CL*CA»R>> 

880  LET  X«P/T 

890  IF  X>*1  THEN3I0 

300  NEXT  D 

330  LET  J=D-H 

380  LtT  N*N/t0 

330  IF  N««IE-3  THEN  350 

340  00  TO  840 

350  PRINT*"*#  D#P#  PI 

340  NEXT  PI 

370  PRINT 

300  PRINT 

390PR1NT*"*# "DEPTH  VS  PERCENT  08  FOR  U*3  SLN#  P08-.81  ATA" 

400  PRINT  ""# "DEPTH"# "PERCENT  08" 

410  READ  D 

480  LET  A*<  D+33)/33 

430  LET  P“100*<  3*A+.81*CL-  3>*R#D /CL*<A-R>> 

440  LET  TtelO0*<.S*A*8»(L-.5>-R*L>/<L*CA-R>> 

450  LET  X»P/T 
440  IF  D«=DO  THEN  410 
470  PRINT  *"*# D# P 
400  IF  X*=l  THEN  530 
490  00  TO  410 

SOODATAO#  1#8#3#  4#  S#4#  7#8#9#  10#  18#  14#  14.  18#  80#  85#  30#  35#  40#  50#  40#  70 
510  DATA  80#90#  100#  180,  140#  140#  180#  800#  300#  400#  500#  400#  700# 800# 
580  DATA900#  1000#  1800#  1 400#  1 400#  1800#  8000 
530  END 
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DEPTHS  14135  CY  TUI  01/13/70 


LI  TEN  Fl«W  • 

300 

SLN 

UPPER  TSXie  LIMITS  FDR  l>0.5 

SLM 

DEPTH 

PERCENT  02 

Nl 

104.5 

5*04 

•  21 

725*00 

1*72474 

*4 

1515*74 

1*3554 

•  4 

2304*44 

1*23521 

*0 

3097*12 

1*17577 

1* 

3807*0 

1*14031 

1*2 

4470*45 

1*11474 

1*4 

**49.1/ 

1*09990 

1*4 

4859*04 

1*00741 

1*8 

7050*52 

1*07745 

2* 

DEPTH  VS  PERCENT  02  FOR  1*3 

SLN*  POOR 

DEPTH 

PERCENT  02 

120 

4*42701 

140 

4*20434 

140 

3*0499 

180 

3*59848 

200 

3*37429 

300 

2*45833 

400 

2*87413 

500 

2*03444 

400 

1*87048 

700 

1*75140 

•00 

1*44129 

900 

1*59031 

1000 

1*53309 

1200 

1*44452 

1400 

1*30414 

1400 

1*33705 

1000 

1*30023 

2000 

1*27049 

•(IT  «P  DATA  IN  410 


USED  4*17  UNITS 
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LITRES  14136  CY  TUI  01/13/70 

100  READ  01*06*06 

110  LET  Ul83 

160  LET  U8"*S 

130  LET  A1*CDl*33>/33 

140  LET  Ate<Dfr»33>/33 

ISO  LET  0t*«6l 

160  LET  Its  1/64 

170  LET  XsU8*<AI-66>*<01-R>-Ul*<06-R>*<At-0t> 
160  LET  Y«<A1-R>4<U6*<A1-08)*U1*<A1-8I>> 

1»0  LET  P=X/Y 
800  LET  P1=I00*P 

610  LET  L*<U14C01«A8J>/<81-lttCl*P>-PtA8> 

860  PRINT  "MAXIMUM  DEPTH*  FT  ■••*01 

630  PRINT  "MINIMUM  DEPTH* PT  •••*D8 

840  PRINT  "MAXIMUM  INHALATION  P06* ATA  «"*08 

8 SO  PRINT  "MAXIMIM  08  CONSUMPTliN* 3LM  -".Ul 

860  PRINT  TIIN1NIM  08  CONSUMPTION*  SLM  »"*U8 

870  PRINT  "MAXIMIM  PERCENT  06  «"*P1 

800  PRINT  "LITER  FLOW* SLM  «"*L 

890  DATA  66S*30Q»  1*4 

300  END 


RUN 


LITRES  14139  CY  TUE  01/13/70 


MAXIMIM  DEPTH* PT  •  685 

MINIMUM  DEPTH*  PT  ■  300 

MAXIMUM  INHALATION  POt* ATA  ■  1*4 

MAXIMIM  08  CONSUMPTION* SLM  •  3 

MINIMUM  08  C0NSIMPT10N*  SLM  •  *S 

MAXIMUM  PERCENT  08  •  7*93715 

LITER  FLOW* SLM  8  47*105 


USED  8*17  UNITS 
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none  » 43 41  CY  TUE  01/13/70 

100  PRINT  "DEPTH"#  "PERCENT  Of"#  "LI  TER  EL0tl"*"88  USA8E**#"P08" 

110  PRINT 

ISO  READ  kPiUU 

130  LET  ARC ©♦  331/33 

140  LET  RM/84 

150  LET  ObA»CCLRP-U>/CL*U))rR«CCL-LRP>/CL-U>) 

140  PRINT  0#  100*P#L#U#8 
1TC  JO  TB  ItO 
180  OATA  500# *04* 40* •  5 
190  DATA  800#  *04#  40#  •  5 
£00  END 


RUN 


'iopos 

I4S4S  CY  TUE 

01/13/70 

DEPTH 

PERCENT  08 

LITER  PLOW 

08  USAOE 

POO 

500 

4* 

40 

•  5 

•881003 

800 

4* 

40 

•  5 

1.35445 

OUT  OP 

IV.,!  IN  180 

USED 

1*83  WITS 
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PETEOO  1 4t  43  CY  TUt  01/13/70 
100  LIT  QM.t 

110  PM  NT  “LITER  PLOW  AT  OPTIMUM  PERCENT  OR  FOR  POR  •  **»  0R>  **ATA«* 
1 tO  PRINT 

130  PRINT  "DEPTH**# **SLM# NEW**# **SLM#  OLD**#  "ERROR** 

140  READ  D 

ISO  LET  R»<frt>33)/33 

ISO  LET  »>C08-A>/f*81*A> 

170  LET  U»>.5 
ISO  LET  R*l/84 
190  LET  UI"3 
ROO  LET  01* *81 

RIO  LET  P»<U8*ft»<Of-R>-Ul*<00-R)>/CCA*R}*<U8»B-UI>> 

220  LET  O3*l00»(08/A> 

R30  LET  PR*  1 00* (  P/03) 

040  LET  Pl«IOO*P 
850  LET  PR* OR/A 

040  LtT  LI»(U1*<01*A>>/<91-R*C  1-P)-P*A) 

070  LET  L8»(UI*C01-A>>/<01-P3*A> 

000  LET  7*100*<<L0-L1)/L1> 

090  PRINT  D«L1#L8#T 
300  00  TO  140 

310  DATA  0*  10*00*  30*  SO*  70*  100*000*  300*  SOO*  700*  1000*8000 
320  END 


PETEOS  1 4145  CT  THE  01/13/70 


LITER  PLOW  AT  0PTIM1M  PERCENT  OR  POR  POR  »  | 


DEPTH 

9LM*NEW 

SLM* OLD 

ERROR 

0 

0*49495 

8*39394 

*4*04090 

10 

3*04010 

3*31001 

1*99409 

80 

4.0RS4! 

4*03049 

9*09447 

30 

4*79043 

5*  140  74 

7*47994 

SO 

4*30109 

4*90331 

10*900 

70 

7.0  SI  SS 

O.OOiOS 

10*3900 

100 

10*1470 

11*5747 

14*0071 

ROO 

17.799S 

00*7994 

14*4091 

300 

05*4518 

09*9  *01 

17*4404 

SOO 

40*7544 

4S.30V4 

18*  5070 

700 

54.0409 

44*4731 

10*9097 

1000 

79*0170 

94*0013 

19*8407 

RQOO 

1 SS*  S41 

104*049 

19*4140 

OUT  OP  DATA  IN  140 


USED  8.47  UNITS 
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PERCENT  OXYGEN  IN  LITER  FLOW 

ot  A  0)  s  ©  $0  _  __  ro  ro  (j 

ui  &  i*  m  m  &  <j*  ^  wodoi^^O  o*  O  u*  c 


i 


2.5 


1.5 


INSTRUCTIONS 


1.  CHOOSE  UPPER  P02  LIMIT,  MAXIMUM  DEPTH, 
MINIMUM  DEPTH 

2.  MAXIMUM  PERMISSIBLE  Og  PERCENT  IN 
LITER  FLOW  LIES  AT  INTERSECTION  OF 
MAXIMUM  DEPTH  AND  UPPER  POg  LIMIT. 

A  MIX  OF  LESS  PERCENT  Og  MAY  ALSO 
BE  USED. 

3.  PROPER  LITER  FLOW  LIES  AT  INTERSECTION 
OF  MINIMUM  DEPTH  AND  Og  PERCENTAGE 


—  “  co  D-*-33 j~ LP~U~|  I  |~L-LP~ 

—  —  P°2'  33  [  L-Uj  24[l-U_ 


9 


P02  =  02  PARTIAL  PRESSURE  IN 
BREATHING  BAG,  AT  A 
D=  DEPTH, FEET 
L  =  LITER  FLOW,  SLM 
P  =  Og  IN  LITER  FLOW,  FRACTION 
U  =  02  CONSUMPTION,  SLM 
RANGE  OF  U:  0.5  to  3.0 


•  ~  '  1 2 3  J  J  J  J 

Ox'<vA3  *  <o  to  A.  to  to  ,£> 


O 

<V 


/  jrzr  J  J  j  Jjjjjjg 


♦s  C>  *5  6  *i  6  «j  dji  d*i  6 
*)  *  *  «>  to  to  »  VA  to  to  to  too 


DEPTH  FEET 


■■■■■■■■■Ml 


1  Mi  ■■■■■■■■  IUIIIBI 


■MMiaaiiiBiiiaai 


■  ■HIMMMBMI 


!■■■■■■■ 


mmmmi 

\smmmi  _ 

SKMIUlillli 

SS5S9IIIBHBB 

gsssssstsiiH 

■PiKsiiassii 


issiiiiifiSissaiiiiiiiiiiminnBgiiiiiiiiiiiHiiiiii 

!S!S!i|iSiSKaiaR|||||||||||inilllllHIIIIIIIIIIIHI 


;  —  '■*  ^a  ■■  m  m  ^  m  m  mb  mb  -<aa  Bkiaa^i  a-'^aaiaaaBW  a—  — —  —  aaaai  a—  mm  m a  i 

KS=™5552  vaSSf  SSaaSa?SSvii"«SSS^SSS2SSS3E55S552SS5S5SS2S5Sal 

w»5a>?taaKaai!iia5Mt!Wi^i;BMwaaiBBaaMa-awMM| 

;gaaaaaa>iagagpaKiii«iiaiWMg|MwBaaaaaaaaaaa*aaaaaaiii 

>B^a>S!!aaKtaaiaBaB!«ii^:::!!^3SBaBiBaMBBaBflfliiHaHBflHflBi 

as^gaaaaa^as'»^BaM»Mii^ii>mS—aiaaa«aBiaaaaaawiii 

|  ^■■iyaaaafc^s=*^aiiaii^iii^  ^«MMMM|aMiia|Bwwaaiwa 
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tial  pressure  in 

IING  BAG,  ATA 
FEET 

FLOW,  SLM 

LITER  FLOW,  FRACTION 
4SUMPTI0N,  SLM 
OF  U:  0.5  to  3.0 


fSBE= 


(a 

<0  \  \  o>  °>0 


DEPTH, FEET 


J  1  * _ 1  Jl  I-...L  !■  I  LJ  1 

d  d  o'  d  o/  c>  o  „o  ox  oy 'xfjp  oWo  o 

«P  «?  ,*>  ,? .?  .w-fifwfcp 


